1. Introduction {#s0005}
===============

Lasers are often described by the kind of lasing medium they use- solid state, gas, exciter, dye or semiconductor. Lasers are also characterized by the duration of laser emission-continuous wave or pulsed laser (according to Oregon state university- faculty of Physics classification). The most common use of LLLT in the field of physical therapy is to promote healing process and decrease pain sensation after injury as LLLT has been suggested to enhance the activity of macrophages and fibroblast migration and proliferation and its subsequent increase in type I and III procollagen mRNA synthesis [@bib1], it promote revascularization of wound [@bib2], it also enhances bone healing, it also has visible stimulation of blood microcirculation in case of tissue heating on 0.8--1 °C or more [@bib3], so it has potent effect in enhancing the healing process and in management of pain [@bib4].

LLLT promote ATP synthesis [@bib5] as cell absorb the radiated photons from laser and convert its energy to ATP which is a necessary source of energy for living cells in most of its functions. ATP is formed in cell mitochondria using glucose and oxygen in Krebs cycle to convert ADP to ATP. LLLT increases mitochondrial membrane potential and ATP synthesis in C2C21 myotubes with a peak response at 3--6 h [@bib6]. This effect depends on chromophores which are light absorbing components in the cells and other cell components as cytochrome c, porphyrins and flavin also have a light absorbing capability [@bib7]. Given explanation of this effect by the forming of singlet oxygen, reactive oxygen species (ROS), or nitric oxide. The enhanced ATP formation promote essential functions in the cell like cell homeostatic function, mitosis and proliferation by enhancing mRNA activity. The effect of laser depend on the time of application, intensity of the energy and exposure area, while, the depth of penetration depends on the wave length of the applied laser. High energy laser lead to cell damage [@bib8], [@bib9]. While LLLT has a high effect on injured cells more than sound one that give improve the hypothesis that laser promotes the normal cell function rather than changes it. Pulsed electromagnetic field therapy (PEMFT) creates micro currents in the body\'s tissues. These micro currents lead to certain biological and physiological responses depending on field parameters such as amplitude, frequency and wave form.

PEMFT is used worldwide and the most uses were to improve wound healing and fractures and pain modulation. Many theoretical hypotheses underlying this healing ability, one of them is due to increased blood circulation and microcirculation by significant arteriolar vasodilatation [@bib10], anti-inflammatory effect [@bib11], decrease edema and swelling [@bib12], improve cell proliferation and differentiation potentials [@bib13] and finally modulation of pain [@bib14].

MAPKs are serine- threonine protein kinases that are activated by diverse stimuli ranging from cytokine, growth factors, neurotransmitters, hormones, cellular stress and cell adherence. MAPKs are expressed in all eukaryotic cells [@bib15], they regulate diverse processes in the cell via transcriptional and non transcriptional control as they control the activity rhythm of large number of genes functionally related to each other\'s [@bib16]. They consist of three major signaling members, the extracellular signal-regulated kinase (ERK), p38 and C-JUN N-terminal kinase (JNK). ERK regulates mitosis, proliferation, differentiation and survival of mammalian cells during development and neuronal plasticity in adult [@bib17], while, p38 and JNK play essential roles in regulating inflammatory responses, neurodegeneration, cell death and pain hypersensation [@bib18], [@bib19]. As conformational changes of any protein molecule affects its interaction with ligand and its biological partners at different level, so to understand the signal molecules interaction analysis, this could be explored by performing molecular docking with long term molecular dynamics simulations [@bib20], [@bib21], [@bib22].

MAPKs are relates to various kinds of cellular stimulation and stress induced by heat, UV and chemicals, and they are important research targets in the field of biology and medicine. Application of electromagnetic field to therapy is also an interesting subject in which many things including its physical and biological mechanisms are still unclear. The current study provides the mechanisms of LLLT and PEMFT application in management of various human pathologies such as pain and wound healing via studying their effects on different signaling components of MAPKs pathway which is involved in various cellular regulatory functions including pain and wound healing process. Also the present study solves the conflicted studies regarding the effect of PEMFT on pain.

2. Material and methods {#s0010}
=======================

2.1. The study population {#s0015}
-------------------------

Fifty patients (30 male and 20 female) with age range (20−32) years old not suffering from any relevant diseases or take any medication that interfere with the application of treatment or measuring procedures and with no relevant history of smoking or addiction or bad habits or alcoholism who recently undergo appendectomy (3 days post-operative, as an example of injury) admitted at the department of surgery-Faculty of Medicine-Tanta University after obtaining approval of university hospital ethics committee and informed consent from the included patients. They were divided into 2 main groups: Group A (PEMFT) formed of 25 patients to whom the PEMFT has been applied. Group B (LLLT) formed of 25 patients to whom the LLLT has been applied.

2.2. PEMFT and LLLT applications {#s0020}
--------------------------------

Portable magnetic therapy device (EASY Qs) was used for PEMFT application. This device has frequency from 5 to 100 Hz and intensity from 1 to 60 Gauss. Unidirectional quasi-rectangular waveform with strength 15 gauss and frequency less than 20 Hz was applied to the wound for 20--30 min each time. Pulsed wave diode laser (CEI 76-2/1999-1, Italy), was used for LLLT application, emitting wavelength of 905 nm with peak power 25 W and impulse duration 100nS. Linear application of LLLT on para-incisional line on both sides of the wound for 15--30 s for each point (total application period 20--30 min). Each of the two modalities was used twice daily for 6 successive days at the site of the appendectomy wound (3--4 cm) around the McBurney\'s point.

2.3. Flow cytometric Analysis of MAPKs mediated signaling molecules {#s0025}
-------------------------------------------------------------------

Patients in both groups were assessed for the expression levels of MAPKs signaling components pre and post PEMFT and LLLT in the peripheral Lymphocytes. Two blood samples (5 cc of venous blood using EDTA as the anticoagulant) were taken, in each time of PEMFT and LLLT applications, from every included patient, one before and the other after the applications, the pre-application sampling were taken to assess if there were cumulative effect of the PEMFT or LLLT from the previous application or not to be taken into consideration during calculation of the results. Peripheral mononuclear cell suspension pellets were obtained from each anti-coagulated blood sample using density gradient centrifugation on Ficoll-Hypaque media, were the blood samples layered onto a Ficoll-sodium metrizoate gradient of specific density following centrifugation, mononuclear cell pellets were collected from the plasma-Ficoll interface.

### 2.3.1. Lymphocytes isolation {#s0030}

Culture media was prepared by transferring 9 ml of DMEM media (lot n s13365L0103 biowest) to the labeled flask, 100 µl Fungizone (10 µl/1 ml media) and 100 µl Pen/Strep solution (10 µl/1 ml media) were pipette to the same flask. 1 ml of suspended cell pellet was added to the previous mixture with gentle mixing. The mixture was incubated for 2 h at 37 0 C in 5% CO~2~. The flask was removed from the incubator and placed in the hood. The media containing non-adherent cells was collected from the flask by a sterile pipette.

### 2.3.2. Activation of ERK, P38 and c-jun in the isolated lymphocytes {#s0035}

After isolation of lymphocytes, cells were suspended at 1×106/ml in tissue culture medium (αMEM) plus 10% fetal bovine serum (FBS lot n 41G5834K)) at 37° water bath. Activation was done for 10 min using 40 nM phorbol myristate acetate \[(PMA; \#P8139), which obtained from Sigma, and used at a 40 mM working dilution dissolved in 100% ethanol and the concentration adjusted to 1×10^6^/ml in α MEM (lot number M0200) (modified Egle media) containing 10% fetal calf serum\]. While maintaining sample at 37°, fixation was done (at 37° for 10 min) by adding 10% formaldehyde (Ultrapure M Grade) to give a final concentration of 2% formaldehyde. Tubes were placed on ice for 2--3 min, then 100% ice cold methanol was added followed by gentle vortex mixing, to give a final concentration of 90% methanol, held on ice for 30 min, then processed for antibody labeling. The tubes were centrifuged, aspirated, and washed once using 2 ml PBS containing 4% FBS. Centrifugation and re-suspended at 10^6^ cells in 100 ml PBS plus 4% FBS was done. Then Labeling with phospho-specific polyclonal antibody (from Abcam Company) to ERK1/2(lot n s13365L0103), P38 (lot n ab170099) and JNK (lot n ab31419) separately was done for 15 min at room temperature, then washed once using 2 ml PBS plus 4% FBS, all these antibodies used at a 1/100 dilution. The samples were run on flow cytometer (BD FACS Calibur flow cytometer, USA); fluorescence signals were collected using band pass filters excitation at 525 nm and emission at 575 nm. The expression levels were automatically calculated by the flow cytometry by measuring the percent (%) of expression in the activated lymphocytes appeared at the upper right quadrant of the graph.

2.4. Statistical analysis {#s0040}
-------------------------

Statistical analyses of the data were carried out using Graph Pad prism version 5.0 (Graph pad Software, Inc., CA, and USA). Data comparisons were performed using paired *t*-test. The levels of significance were accepted with p\<0.05 and all relevant results were graphically displayed as mean±SD.

3. Results {#s0045}
==========

In this study according to the expression ERK levels (%), it was found that, there were statistical significant difference between Pre PEMFT & Post PEMFT (p=0.001), Pre LLLT & Post LLLT (p=0.001) and there were no statistical significant difference between Post PEMFT & Post LLLT (p=0.853) ([Table 1](#t0005){ref-type="table"} and [Fig. 1](#f0005){ref-type="fig"}).Fig. 1The mean ERK expression levels (%) pre and post application of LLLT, PEMF on both groups.Fig. 1.Table 1The ERK expression levels values (%), pre and post application of LLLT, PEMF on both groups.Table 1**ERKPre PEMFPre LLLTPost PEMFPost LLLTRange**0.15--0.590.31--0.560.65--0.840.66--0.85**Mean±SD**0.389±0.1200.455±0.0650.764±0.0620.768±0.055**Pre PEMF & Post PEMFPre LLLT & Post LLLTPost PEMF & Post LLLTT. test**10.74814.6270.193**P. value**0.0010.0010.853

According to the expression P38 levels (%), there was statistical significant difference between Pre PEMFT & Post PEMFT (p=0.001), Post PEMFT & Post LLLT (p=0.001) and there were no statistical significant difference between Pre LLLT & Post LLLT (p=0.998) ([Table 2](#t0010){ref-type="table"} and [Fig. 2](#f0010){ref-type="fig"}).Fig. 2The mean P38 expression levels (%) pre and post application of LLLT, PEMF on both groups.Fig. 2.Table 2The P38 expression levels values (%**),** pre and post application of LLLT, PEMF on both groups.Table 2**P 38Pre PEMFPre LLLTPost PEMFPost LLLTRange**0.47--0.770.59--0.780.97--1.800.63--0.77**Mean+SD**0.669±0.0750.690±0.0611.269±0.2890.690±0.039**Pre PEMF & Post PEMFPre LLLT & Post LLLTPost PEMF & Post LLLTT. test**7.7830.0017.686**P. value**0.0010.9980.001

According to the expression C-JUN N-terminal kinase (JNK) levels (%), we found that there were statistical significant difference between Pre PEMFT & Post PEMFT (p=0.001) and there were no statistical significant difference Post PEMFT & Post LLLT (p=0.223) and between Pre LLLT & Post LLLT (p=0.072) ([Table 3](#t0015){ref-type="table"} and [Fig. 3](#f0015){ref-type="fig"}).Fig. 3The mean c-JUN N terminal expression levels (%) pre and post application of LLLT, PEMF on both groups.Fig. 3.Table 3The C-JUN N-terminal kinase (JNK) expression levels values (%**)**, pre and post application of LLLT, PEMF on both groups.Table 3**c -- JUNPre PEMFPre LLLTPost PEMFPost LLLTRange**0.47--0.780.59--0.790.96--1.200.60--6.80**Mean + SD**0.659±0.0790.689±0.0631.088±0.0951.885±2.476**Pre PEMF & Post PEMFPre LLLT & Post LLLTPost PEMF & Post LLLTT. test**13.4481.8691.253**P. value**0.0010.0720.223

Some samples\' results for flow cytometric expression levels of ERK, P38 and C-JUN N-terminal kinase (JNK), pre & post application of PEMFT and LLLT were presented ([Fig. 4](#f0020){ref-type="fig"}).Fig. 4Flowcytometric expression levels of ERK (A), P38 (B) and C-JUN N-terminal kinase (JNK) (C), pre & post application of PEMFT and LLLT. The expression levels were automatically calculated by the flow cytometry by measuring the expression percent in the activated lymphocytes at the upper right quadrant of the graph. The vertical axis represents the side scatter (SSC)-height and the horizontal axis represents the cell concentration.Fig. 4.

4. Discussion {#s0050}
=============

The findings of the present study revealed that LLLT has a direct increasing effect on ERK which was in concurrent with the results of Kiyosaki et al. [@bib23], Meng et al. [@bib24] and Aleksic et al. [@bib25], as they demonstrate an increase in the osteoblast and neural cells proliferation and differentiation by the direct effect of LLLT on activation of ERK pathway. The results of our study also showed the direct activation effect of PEMFT on ERK pathway which was in agreement with the results of Li et al. [@bib26], Pan et al. [@bib27] and Teven et al. [@bib28], they examined the PEMFT effect on angiogenesis, osteoprogenitor cells and the microcirculation by measuring the activation levels of ERK and they noted the direct increasing effect of PEMFT on ERK pathway activation level but it was noted that LLLT has no effect on both P38 and C-Jun N terminal activation levels.

Gavriela et al. [@bib29] test the skeletal cell activation by the influence of low energy laser exposure by the role of MAPK ERK, P38 and C-JUN N terminals and he noted no effect on P38. Aleksic et al. [@bib25] used Low-level Er: YAG laser irradiation to enhances osteoblast proliferation through activation of MAPK/ERK and reported that there were no effect on P38 nor C-Jun N terminal activation level by radiation of laser. PEMFT, on contrast has a potent effect on activation P38 level as noted in the present study, also when Hou et al. [@bib30] tested the effects of magnetic field on MAPK signaling pathways of human retinal pigment epithelial cells, he noted the elevated level of P38.. Kim et al. [@bib31] also report this result when he tested repetitive exposure to a 60-Hz time-varying magnetic field induces DNA double-strand breaks and apoptosis in human cells. Soda et al. [@bib32] found this effect when examined the effect of exposure to an extremely low frequency- electromagnetic field on the cellular collagen with respect to signaling pathways in osteoblast-like cells. PEMFT has a powerful healing effect more than LLLT as it increase the activation of ERK, P38 and C-Jun-N Terminal while LLLT only increase the activation of ERK. LLLT has more potent pain decreasing effect than PEMFT as it does not activate P38 pathway like PEMFT.PEMFT has a high cellular biological stimulatory effect as it activates the three signaling pathways of MAPKs so it should be used with great caution concerning time and repetition of its application. PEMFT should not be used as pain killer modality in acute pain but it\'s very useful to be used in chronic pain management with hypothalamic --ve Ingram due to its stimulatory effect on P38 which lead to increase pain activation and perception that leads to subsequent increase the endogenous endorphins and encephaline leading to late relief of pain that explains the contradictions between researches who reported the active effect MFT on increase pain as Del et al. [@bib33], Kavaliers et al. [@bib34], [@bib35] and Sartucci et al. [@bib36] and on other hand the researches that noted the active role of MFT in decreasing pain as Kavaliers et al. [@bib37], Thomas [@bib38] and Fleming et al. [@bib39].

***In conclusion***: these data collectively demonstrate that PEMFT stimulates all pathways of MAPKs including ERK, P38 and C-Jun-terminal while LLLT stimulates only the ERK pathway in MAPKS activation pathways. So, PEMFT has a powerful healing effect more than LLLT as it increase the activation of ERK, P38 and C-Jun-N Terminal while LLLT only increase the activation of ERK. LLLT has more potent pain decreasing effect than PEMFT as it does not activate p38 pathway like PEMFT. Such achievements are valuable for the community in plasma medicine.

4.1. Recommendations {#s0055}
--------------------

PEMFT has a high cellular biological stimulatory effect as it activates the three pathways of MAPKs so it should be used with great caution concerning time and repetition of its application. PEMFT should not be used as pain killer modality in acute pain but it\'s very useful to be used in chronic pain management with hypothalamic --ve Ingram due to its stimulatory effect on P38. Further larger scale studies regarding the potential advantages of using PEMFT versus LLLT in wound healing and pain management are recommended. Also further studies using molecular dynamic simulations to confirm the findings of this study are recommended.
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